We studied bactericidal activity of 10% povidone-iodine, 0.5% chlorhexidine gluconate, and 0.5% chlorhexidine in 80% ethanol on four strains of methicillin-resistant and two strains of methicillin-susceptible Staphylococcus aureus. The pathogen was exposed to each of the disinfectants for 15,30,60,120, and 240 s at room temperature. The inocula from these suspensions were cultured 72 h at 37°C after the antimicrobial activity of the disinfectants in the suspensions was inactivated by 1:lOOO dilution with neutralizer. No organism grew in any of the strains after exposure to 0.5% chlorhexidine in 80% ethanol. The 15-, 30-,
and 60-s exposure to 10% povidone-iodine reduced the mean colony count by 55.2%, 91.2%, and 96.7%, respectively, and the exposures to 0.5% chlorhexidine gluconate reduced the mean colony count by 37.2%, 77.1%, and 93.3%, respectively. The difference in colony count between disinfectants was significant at 15-and 30-s exposures (P < 0.01 and 0.05, respectively). The results suggest that bactericidal activity of 0.5% chlorhexidine in 80% ethanol is more potent and more rapid against methicillinsusceptible and methicillm-resistant strains of S. aureus. (Anesth Analg 1995; 81:555-8) I?
ovidone-iodine (l-3) and chlorhexidine alcohol (4) are used widely for skin preparation before epidural or spinal blocks. The effectiveness of these disinfectants has been assessed in the area of needle puncture and epidural catheter tip in patients without apparent skin infection and epidural infection (1, 5) . In these studies, Staphylococcus aureus was seldom detected either from the skin surface or catheter tip, although it is the most common pathogen of epidural abscesses thought to be associated with epidural block (6,7). Thus, it is not clear how rapidly the bactericidal effect of these disinfectants develops, or whether the disinfectants are effective against S. auyeus. Therefore, we studied in vitro the bactericidal activity of common disinfectants, 10% povidoneiodine, 0.5% chlorhexidine, and 0.5% chlorhexidine alcohol solution, on six strains of S. Izureus. The speed with which bactericidal effect is achieved was studied by exposing the pathogen to those disinfectants for graded periods of duration and then culturing the inocula from these suspensions after the antimicrobial activity of the disinfectants was antagonized by neutralizers in a 1:lOOO dilution.
Methods
Four strains of methicillin-resistant S. aureus (MRSA) and two strains of methicillin-susceptible S. aureus (MSSA) isolated in 1992 and 1993 from patients at Fukuoka University Hospital were used in this study. Staphylococcal species were identified by Gram's stain, coagulase test, catalase test, deoxyribonuclease test, and use of an identification kit (API Staph@; bio-Merieux, Marcy l'Etoile, France). The strains were classified into MRSA and MSSA by the presence or absence of the mecA gene determined in the polymerase chain reaction (8). Each strain was inoculated in 5 mL of brain-heart infusion broth and incubated overnight at 37°C. The suspension containing lo9 colony forming units (CFU)/mL was used as a test inoculum. Disinfectants studied were 10% povidoneiodine (Isodinem;
Meijiseika, Tokyo, Japan), 0.5% chlorhexidine gluconate (Hibitanm; ZENECA, Osaka, Japan), and 0.5% chlorhexidine in 80% ethanol. In addition, the bactericidal activity of lo%, 20%, 30%, 40%, 60%, 80%, and 99.5% ethyl alcohol was studied.
The test inoculum, 10 pL, was added to 5 mL of each of the disinfectant solutions and vortexed for 5 s to obtain an approximate bacterial density of 2 X lo6 CFU/mL. Control suspension was prepared by adding the inoculum to 5 mL of physiologic saline for each strain of S. aureus. After the exposure of inocula to the disinfectants for 15, 30, 60, 120, and 240 s at room temperature (23.0-26.O"C) in air, the antimicrobial activity of 01995 (176) Val ues are mean (SD). The difference i n percent change between the three groups was significant at 15-and 30-s exposures (P < 0.002 and 0.05, respectively).
The differences i n percent change between 0.5% chlorhexidine i n 80% ethanol and 10% povi done-i odi ne as well as 0.5% chlorhexidine were significant at 15,30, and 60 s (P < 0.05, resoectivelv disinfectants in the suspensions was inactivated by diluting 10 PL of each suspension with 10 mL of neutralizers. Sodium thiosulphate 2.0% was used to neutralize 10% povidone-iodine; a solution containing 1.0% Lubrol W, 0.5% lecithin, and 1.0% Tween 80 was used to neutralize both 0.5% chlorhexidine and 0.5% chlorhexidine in 80% ethanol; and physiologic saline was used to neutralize effect of alcohol (9). Of the resulting suspensions, 100 PL were transferred to nutrient agar plates in triplicate and were incubated at 37°C for 72 h for colony count.
To test the validity of inactivation of antimicrobial activity of disinfectants by 1:lOOO dilution with neutralizers, 10 FL of the test inoculum was added to 10 mL of physiologic saline for control, and 10 PL to 10 mL of the mixture consisting of 10 PL of a disinfectant and 10 mL of the respective neutralizer. After 30-min exposure of the inoculum to the mixture of disinfectant and neutralizer at room temperature, 100 PL of these suspensions were transferred to agar plates in duplicate and incubated at 37°C for 72 h for colony count. Antimicrobial activity was considered to be inactive when the decrease in the colony count, as compared with the control, was less than 5%. When these neutralizers failed to inactivate the antimicrobial activity, 1.0% or 0.5% thiosulphate was used for povidone-iodine and 2.5% Tween 20 or 2.5% Tween 80 was used for 0.5% chlorhexidine gluconate and 0.5% chlorhexidine in 80% ethanol.
Data were presented as percent change from controls. The differences in percent change in colony count between the disinfectants at each period of exposure were analyzed by randomization test. P < 0.05 was considered to be statistically significant.
Results
The 1:lOOO dilution with respective neutralizers inactivated the antimicrobial activity of all the disinfectants. The decreases in colony count in cultures of inocula were all within 5% of the control count.
There were individual variations among the strains of 5'. uureus in susceptibility to 10% povidone-iodine and 0.5% chlorhexidine gluconate (Table 1) . All six strains grew colonies after 60 s exposure to povidoneiodine, and five of six strains grew colonies after the same exposure to 0.5% chlorhexidine gluconate. Some strains grew colonies even after 240 s exposure to these disinfectants. No bacteria grew after exposure to 0.5% chlorhexidine in 80% ethanol after 15 s exposure. The differences in percent change in colony counts ANESTH ANALG 1995;81: between the three disinfectants were significant at 15 and 30 s of exposure (P < 0.01 and P < 0.05, respectively). There was no difference in percent change between 10% povidone-iodine and 0.5% chlorhexidine gluconate. No strains of S. a~reus survived after 15 s exposure to 60% and 80% ethanol ( Table 2 ).
Discussion
Epidural abscess is a serious complication of epidural block (6, 7, (10) (11) (12) (13) . The primary mechanisms of the abscess have not been established. Proposed mechanisms are the invasion of skin bacteria through a needle track (7,10,11), a contaminated syringe (12), contaminated local anesthetics (13), or hematogenous spread from a distant focus of infection (14) . Detection of organisms in the skin surface after strict skin preparation with 10% povidone-iodine (1,2,5) appears to lend support to the possibility that the needle may indeed push pathogens into the epidural space (15). However, the most frequently detected organism in the normal human skin flora is S. epidemidis (65%-69%), whereas the prevalence of S. uureus, although it is the most common organism in epidural abscess, is l%-2% on the skin surface (5, 16) . This discrepancy suggests a possibility that S. uureus may be more resistant to disinfectants than are the other organisms and/or that the bactericidal effect may not be rapid enough to prevent inoculation of S. aureus into the epidural space during epidural puncture.
In this study, some organisms survived in almost all strains of S. aureus after l-min exposure and in some strains after 4-min exposure to 10% povidone-iodine and 0.5% chlorhexidine gluconate. Haley et al. (17) also reported on the bactericidal activity of 10% povidone-iodine on three strains of MRSA and three strains of MSSA. In their study, after 15 s exposure to 10% povidone-iodine, 0.07% of 10,000 organisms in the strains of MRSA survived but none in the strains of MSSA survived.
The organism survival rate was much smaller than those found in our results. This discrepancy may have been due to individual differences in susceptibility of S. uureus to disinfectants. In our study, there was a marked individual variation in the response to disinfectants between the strains. It has been suggested that 10% povidone-iodine spray and removal of excess solution after 1 min may be adequate for skin preparation for epidural or caudal blocks, since no infection developed, although organisms were cultured from the skin surface (1). Our findings, however, together with the fact that the most common pathogen in epidural abscess is S. uureus, suggest that 1-min exposure of the skin to these disinfectants may not be adequate for skin preparation before epidural block.
The bactericidal effect on S. uureus of 0.5% chlorhexidine gluconate was improved dramatically in this study by the addition of 80% ethanol. The combination of 0.5% chlorhexidine and 80% ethanol killed all organisms in each strain of S. uureus tested with 15 s of exposure. The rapid and potent bactericidal activity of 0.5% chlorhexidine in 80% ethanol appears to owe its effect to 80% ethanol, since ethanol at concentrations of 60% and above killed all strains of S. uureus rapidly, the finding similar to that found previously by Morton (18). Although ethanol, thus, may be useful in the concentrations above 60% for skin preparation before epidural and caudal blocks, its bactericidal activity may be short-lived, presumably because of its rapid evaporation.
Our previous study showed that bacterial growths on the human back, 1 and 2 days after application of 0.5% chlorhexidine in 80% ethanol, were substantially less than those after application of 10% povidone-iodine or 80% ethanol (19) . Therefore, for continuous epidural block 0.5% chlorhexidine in 80% ethanol may be the most effective of those tested in this study in maintaining an aseptic state of the skin surface where an indwelling epidural catheter is inserted.
The concentrations of bacteria (2 X lo6 ClW/mL) exposed to the disinfectants may have been much higher in our study than in viva concentrations.
The number of organisms in the normal skin flora ranges widely. Many organisms may be present deep in pits and orifices of sebaceous glands. Organic substances on skin surface, e.g., sebum and sweat, may decrease bactericidal activity of disinfectants (20) . Disinfectants must be effective in a broad range of bacteria concentrations, securing a bacteria free state on the surface as well as in the deeper structures of the skin. The high levels of bacterial concentrations have been used widely in in vitro studies (17).
Fortunately, the incidence of reported epidural abscess after cannulation of the epidural space appears to be low (6). The integrity of host immune activity, the antimicrobial property of local anesthetics (21,221, the rich vascularity in the epidural space, the sparseness of skin flora on the human back (51, and the concomitant use of antibiotics all may contribute to this low incidence. A recent review on 16 published cases of epidural abscess showed that the majority of these patients suffered from persistent neurologic deficit, and all but one case required surgical intervention (6). Of the causative organisms isolated in 11 cases, S. aureus was identified in 9 (82%) and S. epidermidis in 2 (18%). Seven of these patients had either diabetes with renal failure, cancer, steroid medication, or rheumatoid arthritis, suggesting that susceptibility to infection may be an important risk factor. In only three of these cases, hematogenous spread, a contaminated drug vial, and infection by the anesthesiologist were implicated. The lack of identification of the mechanism in the majority of reported cases and the isolation of S. epidermidis from the epidural catheter (12) suggest that spread along the catheter or needle track may be a frequent mechanism.
Our study shows that the bactericidal effect on six strains of S. aureus of 0.5% chlorhexidine in 80% ethanol is more rapid and more potent than those of currently used 0.5% chlorhexidine gluconate or 10% povidone-iodine.
The results suggest that 0.5% chlorhexidine in 80% ethanol may be superior to 0.5% chlorhexidine or 10% povidone-iodine as a disinfectant for skin preparation before epidural blocks.
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